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DESCRIPTION 

CDMA RADIO COMMUNICATION SYSTEM 

Technical Field 

5 The present invention relates to a method of operating a radio 

communication system, and further relates to such a system and to primary 
and secondary stations for use in such a system. While the present 
specification describes a system with particular reference to the emerging 
Universal Mobile Telecommunication System (UMTS), it is to be understood 
10 that such techniques are equally applicable to use in other mobile radio 
systems. 
Background Art 

A number of radio communication systems, both existing and emerging, 
use Code Division Multiple Access (CDMA) techniques, one example being 

15 UMTS when operating in a wide band Code Division Multiple Access (CDMA) 
frequency division duplex mode. Such systems are typically cellular, with a 
Base Station (BS) servicing a plurality of Mobile Stations (MS) in a cell. 

Figure 1 is a block schematic diagram of a radio communication system 
using CDMA, comprising a primary station (BS) 100 and a plurality of 

20 secondary stations (MS) 110. The BS 100 pomprises a microcontroller (pC) 
102, transceiver means 104 connected to radio transmission means 106, and 
connection means 108 for connection to the PSTN or a private network. Each 
MS 110 comprises a rnicrocontroller (pC) 112 and transceiver means 114 
cbnhecte^d to radio transrhissiori means 116, Corpmunication from BS lOd to 

25 MS i 10 takes place on a downlink channel 122, while communication from MS 
1 10 to BS 100 takes place on an uplink channel 124, 
; Figure 2 shows an example of a known arrangement for spreading and 
\,sGrambling using Quadrature Phlase Shift Keying i[QPSk) modulation. Data is 
isupplied on input line 202 to a\seriat to parallel converter 204. which maps 

30 each pair of data bits to 1 and Q branches respectively. A channelisation code 
210 is supplied to mixers. 206. 208 in the I and Q branches to spread the data 
to the chip rate. The data is then scrambled by a BS-specific scrambling code 
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216 suppliedito -i: and Q. mixers ,2 12; ^-214. l)he\ resultant data , is used to 
modulate . a cosine cafner:220 by^an'lmixer 218, ;and:a.;Sine carrier:224 by a Q 
mixer:222. The I and- Q brancheis are^^then icombined :by axombiher 226:before 
i being passed lo^rad o broadcast means 228 for transmi^^^^ QPSK 
signal. — . ; ;;o 

^ If ai BS : s^-rr<)rrv more than ;Gne: ceH^^^^ sectorised 
transmission- ar'3n9ernenti>; thervscrambling .code 216 could be -cell-specific 
instead^ of :BS:^sbecif:Hc:^ c b^>-' *^o.'^.;-r -vyrrr: ? ^"^.'IM-^vy^-y ^r-'-:--.::.. 
: : : Different pr vs^-i channels use different channelisation; codes (usually 
^ orthogonal). wtHt*> ^cr^mblmg code is the same for all. physical channels in 
one celh:-.'^ ■ \ry i,^^. tr-.v . \- -.^n. 'o^: n:' ^ ^ ^ :rt 

On the octat:^ »n* ::r-aanei 122 a number of channelisation codes (usually 
orthogonal) are us^ separate transmissions mtended for different users, 
and an additions ^f anit5tir»g code is distinguish the transmitting BS 

100; Hence to rcjt!cu>>- *rf^ for it a MS 110 has to know both 

^the code for. the B S VCC vending the data land the code for rt&ichannehi ^ 

Simila-^ty or trw- vu(>tink a channeJisation code is Used to 

select: the cnann<- *%*^*cn:tr>e-MS 1 lOvis to transmit and: a scramblihg: code, 
specific to the M : n used ; ; y -r ; r r - ^ 

n A: pfobier 1^^^^ t^-^i arrangement isr the possible, lack of channelisation 
codes for the o:^;A.ri**->* jr 22 s<nee codes which have b^^ allocated to one 
user, bur are not/cwen*iv: iniuse, may^not be available for another user. One 
possibility for rettevrrt^ tn^v shortage is to use more than one scrambling code 
per xell. Hovi^vcf tn^s: nav the; disadvantage that-signals transmitted: to one 
user with one scramt>feng code will not be ^orthogonal to signals transmitted to a 
different user r.wTtn a drfferent scrambling code, resulting .in increased 
;^inte^fe^ence.^>v^>:•^o ^ ■ ;o:. ^ 'hr /.i .i. ■ \^\,\r\ 

Disclosure of Invention • ^ ^ ^ / : o ^ : oii 

An object of tfw present invention is toTeduce the problems; caused by 
the use of more tnan one 'scrambling cbde^in a cell; • k£ 

According to a first aspect of the present invention: thereeis: provided a 
method of operating a radio communication system employing a code division 
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multiple-access technique, comprising a primary station transmitting data to a 
plurality of secondary stations, -the primary station encoding different portions 

•of 'S'aid data with different scrambling/codes; characterised by using a primary 
and, -a- secondary scrambling code to .encode data for transmission to a single 
secondary station. ' - 

-According. to. a second^aspect of the present invention there is provided 
a. radio ^ communication . system: employing a code division* multiple i access 
technique comprising a primary station and a plurality of secondary stations, 
the primary station .having means for transmission of data to the secondary 
stations and rneans for encoding different: portions of said data with different 
scrambling codes, characterised in that the primary station has means for 
using _ a primary and a secondary scrambling code to * encode data for 
transmission to a single secondary istatiorv:^ - ^ - 

, V According to a third aspect of the present; invention there is provided; a 
primary station for use in a radio:,comrnunication system employing ^ a code 
divisionrmultiple access technique,, the ; primary station having: means :for 

^^transmission of data to the secondary^ stations and means for encoding 

/ different-portions of said data with different scrambling codes, characterisect.in 
that the primary station has means for using a primary and a secondary 
scrambling code to encode data for transmission to a single secondary station. 

: .According to a fourth aspectof the present invention there is provided a 
secondary station for use in a radio communication system employing a code 

. division multiple access: technique, characterised in that the secondary station 
has means .for receiving data from a. single, primary station encoded using a 

I, primary and a secondary scrambling code.. : : ' ^- : 

: The present invention is 'based on the- recognition, not present in the 

prior art, that a plurality of scrambling codes can be allocated for transmissions 
from one BS to a single MS. > - \v . '/-^ 

: Brief Description of Drawings rX ..^^:. ^ : ' . 

Embodiments of the present irivention will now be described, by way of 

: example.-with reference to the accorripanyingvdrawings, wherein: 
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... ^ r Figure .1 -is a block/; schematics diagram ^x)f ?arTadio communication 

irsystemvasidescribed above;; w/r L ' . : n r ;cj ^ . 

c . 1 Figure 2 rs a; block isehematic: diagrarn. of part, of av transmitter, as 

--described ^above;;^^ r --i ^fii-rs - i' .-.rr.o ^ " . 's,- ;,v:■^;: 

Figure 3 illustrates . a: downlink slotted; , mode using rai/secondary 
scrambling. code;>.-7 :'ai,i:.. --rr^:--'! nc'^rri ^^ny-/'^ . ic, i^i;-. r.r ^ 
- V Figure: r4^ illustrates^ aodownlink>!iSlotte using^-primary and 

secondaryrscrambling codes; and sr^^ • n - ■ : s * hru. ^ 

n Figure 5 illustrates a variable rate.m transmission using primary 

and secondary)Scrambiing codes.: • ; e ;i ^ : ;^r ;n ; k 

. r j ^ ^ f In the /drawings the . same r^^^ been used to 

indicate corresponding featuresv : \ , r ! n. , a \ ^ w 
Modes for Carrying Out the Invention : : v : / ; \ ; 
^ r A first illustrative^ embodiment : of the n present invention; is the 
implementation , oft.downlink slotted mode^shown ia Figure v3. :Slotted. mode is 
requirediin order to introduce gaps in thet transmission durihgewhich ihe MS 

; 110, which may have orrly one receiver,- can make measurementis phi other 
'Carriers; for example.to prepare for handover. A ^^successibn of frames 302 is 
transmitted on a downlink channel 122, each of length lOmsJn UMTS. In one 
frame the data Js . transmitted: during: two ; active, parts 304 of the frame, the 

: remainder of the franrie being an .idle ^period :306 : during which the/required 
rneasurements :can be made : ^v- - . 3 '' :^ i .. - - 

? ■ s; ^ The consequence of this is that.the bit rate and transimission power both 
need to be increased during the. active part of the frame: The .bit rate can be 
increased by . reducing ;the spreading factor (for example by -a factor of . two for 
the 50% idle period 306 illustrated). However, this requires the allocation of 
another channelisation code, that is the provision of a second channehfor the 
MS 110.: Thiis is an inefficient use ofv codes, since; the extra resource is only 
required during the slotted frame. r;. ; ; J;; ^ 

One option in : accordance with the present invention^ as) illustrated in 
Figure 3, .is to use a primary, scrambling code for all the non-slotted frames 
302, while using a secondary scrambling code for the slotted frame 304. 
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^ ... A preferred option is illustrated rn Figure 4. Here a first part 402 of the 
active part of the slotted frame is transmitted, using the primary scrambling 
code, while a second part 404 of the slotted, frame is transmitted using the 
secondary scrambling code. This alternative has the advantage of minimising 
.5 . the amount of "nonrorthogonal" energy transmitted: 

In general, for any transmission scheme using two' or more scrambling 
codes :for one MS 110 it:Js preferable to ^designate one code as the primary 
code and to transmit as much data ^ as: possible: using: this ;Gode (thereby 
^ . ; maximising the power transmitted using: this code), while minimising the power 

10 transmitted using the secondary codes.- Hence the secondary code should be 
: used to carry traffic.with a -low average data rate, (which includes' a high data 

rate with a low duty cycle, as in the slotted mode example).^ 

A second illustrative embodiment of /the >re^^^ inverition is the 
,r implertientation of variable rate multi-code transmissions shown in Figure 5. 
.15. When'/ the required bit rate exceeds: what is possible with ^a^^ single ■% 
■ V channelisation code, multiple codes can be used, corresponding- to niultiple 
vvf physical'channels. The figure shows a first physical channel 502, comprising a v 

:succession of frames 302, a second physical channel 504 and an nth physical }f 
r;"f> ^channel. 506/ V • :•. u> i/ j " i .r. ;-.;"C l^r--.. /• . - r ^' . : 
2a; For any particular instantaneous data rate, the data can be organised to ^ 

.minimise the number of codes used,^ allocating some ; of the least used 

channelisation codes to the secondary scrambling code, i For example, in 

11 ' ' Figure 5 the first and second channels 502. 504 could be transmitted using the 
. r: , primary scrambling code, while the nth channel 506lcould be transmitted using 
25: .the.; secondary scrambling; code: In general as -many channels as possible 

c should be transmitted using . the; primary scranhblihg code; consistent with 
;:: Inefficient use of channelisationcodes.:' ^ > :t : ; -^i!: . 

; y / ' Use of this scheme will save channelisation codes ^while minimising the 

resulting interference. ^ / : ■ r 

30* -; ; ; Other^ possibliB uses for secondary scrambling; codes are packet 
r^):- ' transmissions, ^ rare : but. urgent signalling (for ''-example : packet 
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acknowledgements), and uplink power control where there is little or no 
downlink data. 

From reading the present disclosure, other modifications will be 
; :r: app3rent to, persons skilled lin the a Suph modifications ^may involve other 
tP l ; features: twhiqh 9Fer? already ;.knpwn : in radio:, communication systems and 
' Component parts thereof, and^which, may be used instead: of or tn radcJition to 
, L features already ;deis;Gribed)here^ 7?^ :. \q r rxvhi c ' u . r'::U :> . 
- ^ In the;pnesent.speQifioation^ani^^ 
element does not exclude the ^presence of a plurality . of s;uch elements^ Further, 
10 the word "comprising" does not exclude the presence of other elements or steps 
'■■'■,[ -.^thanthosejistedv ■ j -f-, .Ky.Br':: r-^ih ■ ■ ^^ w .^^-^ r- ^ S 

: Industrial Applicability c^\^r-x'' i :^- v-/:=-v-/rs: ^vj -^-^ '-..r'^;,;: r .r-^^' ■ ^'i 

I 'V v'The; present inyentiori is appHeat)Je to a jange of radio communication 
systems, for example UMTS. v - ^ ur v Bb 'rc 
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CLAIMS 

A method of' operating a radio comm6nicaitidn ^systert^ employing a 
:5 code division multiple^ access technique, comprising < a primary ^ station 
• transmitting d^ta ttf a plurality of secondary stations, the primary station 
encoding different portions of said data' with differisnt scrambling codes, 
characterised I5y usirig a prirTiary ahd a sefeoh^^^ to encode 

^ data fo^tfansmissio'n to a 'Single secondary station: - ■ ' 
10 • I'^^'V . . : 1. ^ • ■ ■ -'^ i-.-j-v y - ■. ' . ■ 

2. A method as claimed in claim 1 , characterised by the majority of the 
data transmitted by the primary station being encoded; with the primary 

■ : v: ^scrarnbiing - code and the ^ remainder o^ the data being 'encoded with the 
secondary scrambling code. > 

15 

3. A method as claimed in claim 1 , characterised by the primary station 
transmitting a slotted mode signal to a secondary station using a secondary 
scrambling code. 

20 4. A method as claimed in claim 1 , characterised by the primary station 

transmitting a slotted mode signal to a secondary station using a primary 
scrambling code for a first portion of the data and a secondary scrambling 
code for the remainder of the data, both portions being transmitted 
contemporaneously. 

25 

5. A method as claimed in claim 1 , characterised by the primary station 
transmitting a multi-code signal comprising a plurality of channels to a 
secondary station using a primary scrambling code for a first portion of the 
channels and a secondary scrambling code for the remainder of the channels. 

30 

6. A radio communication system employing a code division multiple 
access technique comprising a primary station and a plurality of secondary 
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V stations, the.; primary station having- means rfpr transmission of data to the 
secondary stations and means for encoding different portions of said data with 
different scrambling codes, characterised in that the primary station has means 
n :^foT using a primary,! and a. secondary scrambling code;- to encode data for 
O; : transmission tot a sing Iq secQndary station:! i^ . ; - 

7. A primary station. for -use- in ra; radio; communication, system employing 
a code division multiple access technique, the primary station having means 
for transmission of data to the secondary stations and means for encoding 

10 different portions of said data with different scrambling codes, characterised in 
that the primary station has means for using a primary and a secondary 
scrambling code to encode data for transmission to a single secondary station. 

8. A primary station as claimed in claim 7, characterised in that means 
15 are provided for transmitting the majority of the data encoded with the primary 

scrambling code and the remainder of the data encoded with the secondary 
scrambling code. 

9. A primary station as claimed in claim 7. characterised in that means 
20 are provided for transmitting a slotted mode signal to a secondary station using 

a secondary scrambling code. 

10. A primary station as claimed in claim 7, characterised in that means 
are provided for transmitting a slotted mode signal to a secondary station using 

25 a primary scrambling code for a first portion of the data and a secondary 
scrambling code for the remainder of the data, both portions being transmitted 
contemporaneously. 

11. A primary station as claimed in claim 7, characterised in that means 
30 are provided for transmitting a multi-code signal comprising a plurality of 

channels to a secondary station using a primary scrambling code for a first 
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portion of the channels and a 'Secondary 'scrambling code- for: the remainder of 
the channels. ' ^ -r .^^ \ : -^.i v^:.,;. i ' . . ; 

i > 12. A secondary station -for. use in a 'radio communication system 
5 employing a code division multiple-access technique, icharacterised in that the 
secondary station has means for receiving data from a single primary station 
encoded using a primary and a secondary- scrambling code. • • 
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